Introduction.
We will consider the problem of a semi-infinite solid elastic cylinder occupying the region r<l, 0<z<+», where r and z are the cylindrical coordinates. The problem will be restricted to the axisymmetric case and <xr, ae, <j. will be the normal stresses and r = rr, the nonzero shear stress. Let u and w be the displacements in the radial and z directions respectively. We will consider the curved surface r -1 to be free of stress r = 1, 0 < z < 0°, ov = r = 0.
(1.1)
At the edge z = 0, we will specify one of the following conditions:
<r, = atb , u = ((1 + v)/E)ub , (1,2a) t = rt , w = ((1 + v)/E)w" , (1,2b) a, = <r,h , t = rb , (l-2c) « = ((!+ ")/#K , w = ((1 + v)/E)wb , (1 -2d) where the subscript b indicates a given function. It will be assumed that the stresses are self-equilibrating and the displacements satisfy sufficient conditions to ensure decaying solutions.
solution -* 0 as z -> oo.
The problems involving specification of (1.2a) or (1.2b) will be referred to as mixed problems, while (1.2c) represents the stress problem and (1.2d) represents the displacement problem. The stress problem is the most important involving the complete investigation of the Saint Venant boundary layer for this geometry in the case that rb and alb are self-equilibrating axisymmetric tractions.
The stress problem assumes the same fundamental importance as does the strip problem of plane elasticity [1] and serves as the predecessor to the investigation of boundary layers in cylindrical shells. The stress problem in solid cylinders has previously been investigated by Horvay and Mirabal [2] , Hodgkins [3] and Mendelson and Roberts [4], Although mention is made in these articles of an eigenfunction expansion appropriate for solution of this problem, this method was not used due to the difficulty of obtaining the eigenvalues and the fact that the eigenfunctions are not orthogonal. Murray [5] in the mathematically similar thermal stress problem formulated his solution in terms of the eigenfunctions but retained only the first two terms of the series and used approximate methods to choose the coefficients. Horvay, Giaver and Mirabal [6] and Youngdahl and Sternberg [7] also gave consideration to this thermal problem. The nonzero stresses and deformations are expressed in terms of \p as follows;
We will assume a solution of the form CÔ exp (-7,2). Table I )
The summation indicated in (2.4) is done over the eigenvalues in the right half complex plane (7,-, 7*), where * denotes the complex conjugate.
We may now identify a vector f related to the proper derivatives of M, as follows; f = £ a,<J>,(r) exp (-7,2) (2. The biorthogonal vector has the following components:
The coefficients a, may now be obtained by use of the biorthogonality condition; ai = i|'wrfirrfr, (2 depending upon whether the sine or cosine Fourier integral is desired. To specify the conditions (1.2a), we will assume the solution in the form of (3.1a). Differentiation and substitution of (3.1a) into (2.3d) yields
Specifying r\T.l = 0 yields the following conditions;
Substitution of (3.1a) into (2.3a) yields the following;
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(3.5)
The boundary condition <rr|r_i = 0 leads to the equation
Taking the inverse Fourier transform yields:
where
One may now note that the a's are related to the y's by an = iyH . The Love function becomes
or, in terms of an infinite integral
The infinite integral may be evaluated by calculus of residues taking the contour integration around the poles in the upper half plane. The pole of order two at the origin does not contribute to the solution. There are poles of order two at a = ±t/3" and simple poles at the eigenvalues of the transcendental T(a).
If the first quadrant eigenvalues of T(a) are denoted by a,-, there will also be eigenvalues at a* , -a* and -a, . Only the poles a, and -«*• are in the upper half plane.
The residue due to the poles at ±i/3m cancel the Fourier-Bessel series term by term, and the final value of \p is obtained due to the residues at the eigenvalues of T(a). The stress and displacement problems do not exhibit an inner biorthogonality property and, therefore, do not reduce to a form where the coefficients a,-may be obtained directly. For the stress boundary problem, (1.2c) we specify: = ^6 , 1™ = X a,4?\r), The less important displacement problem leads to a system of equations of the same form as (4.8).
5. Example problem. To examine numerically the convergence of the series to the given boundary values, we will consider the stress problem: The tractions, (5.1) and (5.2), were picked because they are fairly general in form, the shearing stresses are zero at the center and outside of the bar, and both have maximum orders of magnitude of unity.
All numerical results are for Poisson's ratio equal to 0.3, except for Table I . We have truncated the system of equations (4.8) to the first five, ten, and twenty pairs of eigenvalues. Tables II and III show how well (4.6) satisfies the specified tractions via each truncated system (4.8).
The decay properties of the stresses for this case are shown in Figs. 1 and 2. 6. Conclusions. The solution of the cylinder problem has been reduced to an eigenfunction expansion in terms of the end conditions. This form of solution has been known for some time but not utilized due to reasons mentioned previously and discussed by Horvay [2] , By use of the biorthogonal vectors deduced in an indirect manner, the problem may be solved with the aid of a digital computer without great difficulty.
The necessary conditions on the stresses to ensure a decaying solution are known but those on the displacements are yet to be determined. M. I. Gusein-Zade has recently obtained these conditions for the related two-dimensional semi-infinite strip problem [10] and similar development is required in this case.
The biorthogonality vectors were obtained for the desired end stress and displacement functions and not for the Love function directly. A "generalized biorthogonality" condition for the functions M,(r) (Eq. 2.7) could have been obtained as was done by Papkovich in the strip problem [11] , [12] for cases when ar is not specified on the curved surfaces. (See Appendix) This approach, although more direct, and therefore more desirable, did not prove fruitful in the case of stress free surfaces. 
